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ABSTRACT

1. PURPOSE<To conduct an operational evaluation of Light
Observation Helicopter competitive design proposals

2. SCOPE. Representatives of the Army .viat (a School, Army
Armor School, Army Artillery and Missile School, Arny Infantry School,
Army Board for Aviation Accident Research, Army Aviation Board, and the

Marine-Corps comprised the Army Operational Evaluation Group. Pro-
posals were evaluated separately and then on a comparison basis. The
basis for evaluation was t-he Military Characteristics and Type Specification.
The latter took precedence. Liaison was maintained with the Technical
Evaluation Group.

3. CONCLUSIONS.

a. A proposal using the T-63 engine will more nearly meet the
Army's requirements than will a proposal using any of the alternate engines.

b. The following proposals, listed in order of merit (or desira-

bility), are acceptable.

(1) Bell D-Z50

(2) Hiller 1100

(3) Boeing-Vertol 131

(4) Sikorsky (Primary)

c. Based on the manufacturer's predicted weight and performance
data, and ignoring the Navy's and Army's technical evaluation, the Hughes
369 is the most outstanding proposal.
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d. When technically and economically feasible, items listed in

Appendix G should be incorporated in the detail specifications of any

selected winner(s).

e. Additional requirements, not now specified, exist for the LOH.

f. Development of at least two proposals through user testing

prior to selection of a single winner will produce a better LOH.

4. RECOMMENDATIONS.

a. At leasttwo of the following proposals be developed through

user testing prior to selection of a single winner. Proposals are listed

in order of merit:

(1) Bell D-250

(2) Hiller 1100

(3) Boeing-Vertol 131

(4) Sikorsky (Primary)

b. Items listed in Appendix G be incorporated, where technically
and economically feasible, in the detail speclification of any selected

winner(s).

c. The three requirements listed in Appendix I be reconsidered
for inclusion on the LOH.

'CE

11



REPORT OF EVALUATION

PROJECT NR AVN 2361

Table of Contents

Page

1. AUTHORITY ........ ...................... 1
a. Directive .................... . ........ I
b. Purpose .......... ..................... 1
c. Scope .......... ...................... 1

2. BACKGROUND ......... .................... 1
3. PERSONNEL, ORGANIZATION, AND METHOD' . .... .. 2

a. Personnel ........ .................... 2
b. Organizatio2 ......... ................... 2
c. Method ........ ..................... . 2

4. RESULTS ........... ...................... 3
a. Individual Committee Analysis ...... .......... 3
b. Consolidation of Preliminary Committee Analysis . . 3
c. Analysis Following Coordination With the Navy . . . 4

5. DISCUSSION ........... ................... 6
a. Choice of Engines ......... ................ 6
b. Selection of One Proposal vs Two or More ... ...... 7
c. AdditionalRequirements ......... ........... 8
d. Proposal Validity ........ ................. 8

6. CONCLUSIONS .......... .................... 9
7. RECOMMENDATIONS ...... ................. ... 10
8. REFERENCES ........ .................... .10

APPENDICES
A. Personnel and Experience ...... ........... .A-1

B. Organizational Chart .. .............. .. .B-1

C.. Autorotative Index (AI) .................... C-i

D. Ranking by Committees ................... .D-1

E. Undesirable Characteristics of Proposals
Eliminated ......... .................... .E-1

iii

"FOR OcIAL-:ONL -\._

REMO~al. O-p-~c-r--



age

F. Desirable and Undesirable Characteristics
of Remaining Proposals ...... ........... 1

G. Recommendations of Characteristics to

be Included in Detail Specifications of
t- I

Any Selected Winner ...........

H. Comparison of Acceptable Proposals ..... . .

I. Additional Requirements ..............

iv

~ ~L-~~0'-



UNITED STATES ARMY OPERATIONAL EVALUATION GROUP
LIGHT OBSERVATION HELICOPTER

Fort Rucker, Alabama

REPORT OF EVALUATION

PROJECT NR AVN 2361

1. AUTHORITY.

a. Directive. Message 798719, Headquarters, USCONARC,

11 Janua-y 1961.

b. Purpose. To conduct an operational evaluation of Light Obser-
vation Helicopter competitive design proposals.

c. Scope. An evaluation group of individuals selected from appro-
priate Army agencies was assembled at Fort Rucker, Alabama,cn 1 February
1961 to conduct th& Army Operational Evaluation of the Light Observation
Helicopter proposals submitted by industry to the Bureau of Naval Weapons.
Industry design proposals were evaluated first separately and then on a
comparison basis. The approved Military Characteristics and Type Speci-

fication, TS-153, were used as a basis for the operational evaluation. In
those instances where there was conflict between these two documents, the
Type Specification took precedence. During the periodof evaluation, liaison
was maintained between the Navy Technical Evaluation Group at the Bureau

of Naval Weapons and the Army Operational Evaluation Group.

2. BACKGROUND.

a. The Army Aircraft Development Plan, 1960.. 1970 (reference
8a), prepared by the Office of Chief of Research and Development, stated
that a priority requirement was an aircraft in the light observation area.
The L-19, H-13, and H-23 were considered to be obsolete for the rni-sions
they perform. The question was posed as to the necessity'or desirability of

developing a single aircraft to fulfill the entire requirement. An Army Study
Requirement, ASR1-60, describing broad development objectives wa- pre-
pared and presented to industry who, in turn, submitted many design concepts

as their solution to the problem. In early 1960, an Army Aircraft Requirements
Review Board (Rogers Board) was established to review industry's findings
and make recommendations on the courses of action to be followed. The

Rogers Board recommended that a design competition be conducted to d', elop

a helicopter to meet the requirement for a light observation aircraft which



would replace the L-19, H--13, and H-ZS. Further, it was recommended
that at least two prototype design proposals be selected and developed
fhrough user testing, and then a single winner be selected. This rec-
omnendation was approved by the Chief of Staff, United States Army.

b. Military Characteristics for a Light Observation Aircraft
were prepared and approved (reference 8d). The US Navy was selected
as the developing agency for the Army and Type Specifications were sub-
inritted to industry for submittal of competitive proposals.

3. PERSONNEL, ORGANIZATION, AND METHOD.

a. Personnel. The Army Operational Evaluation Group con-
tisted of a representative from the US Army Aviation School, US Army
Armor School, US Army Artillery and Missile School, US Army Infantry
School, US Army Board for Aviation Accident Research, and US Marine
Corps. Other personnel were provided by the US Army Aviation Board.I '
Representatives of the Combat Arms and Aviation School, Marine Corps,

and Aviation Board were utilized to consider and analyze those opera-
"tional concepts and missions envisioned for the LOH by the Combat Arms.
Aviation Board persornel were especially selected for their background

S ___.. joprience in specific fields, uch as avionics and maintenance, or
for ArOny tactical experience with aviation units. Appendix A lists the

,-!TT of those individuals assigned to the Ar my group and a brief back-
ground of committee members. -

* b. Organization. The Army Group was convened during the
first week of February 1961 and was organized into committees for evalu-
ation of specific areas. These committees were Operational and Tactical
Suitability; Forward Area Maintenance; Performance/Components;

SAvionics, Instruments and Electrical Systems; Armament and Vulnerability,
and Crashworthiness. An organizational chart is attached as Appendix B.

c. Method.

(i) The committees' analyzed each proposal separately and

then on a comparison basis. These analyses were based on the informa-
tion provided by each manufacturer. Significant parameters were establshed.
Each committee established an order of priority of desirability and pre-
pared an analysis indicating the undesirable characteristics of all proposals
and the desirable features of those proposals considered high on the priority

2



***I Additionally, each committee made specific recommendations as to

Lrxctceristics that should be included in any selected winner.

(2) The committees findings were consolidated and a tentative

operational evaluation position was established. This position was then

iriormally discussed with the Navy Technical Evaluation Group.

4. RESULTS.

a. Individual Committee Analysis.

(1) All committees, except the Armament Committee, indi-

vidually determined that primary and alternate proposals should be
evaluated and compared as two separate groups. In this respect, all
primary proposals, except Republic's proposals, used the T-63 engine.
For the purpose of this analysis, committees considered one of the Republic
proposals as a primary and the other as an alternate. This led to a tentative
finding that, allowing for a small growth factor for the engine, the Army
could satisfactorily meet its requirements with one or more of the primary
proposals utilizing the T-63 engine.

(Z) Results of a comparison of autorotation charadteristics
of remaining proposals and known helicopters are shown by Appendix C. The
method used and a sample calculation are shown.

(3) Appendix D is a chart which shows the ranking in order of
merit assigned by each commnittee except the Armament Committee. This
ranking was not shown because eight of the manufacturers used armAment
proposals made by General Electric, Burlington, Va. , which were basically
the same and it was considered that nn ct undesirable features were prob-
lems of the armament kit rather than the airframe. It is emphasized that
rankings shown for each committee in Appendix D are based entirely on
the manufacturers' data without correction.

b. Consolidation of Preliminary Committee Analyses.

(1) Analysis of committee reports resulted in a decision to
tentatively eliminate from further consideration all but six of the primary
proposals and all but two of the alternates. The following are the proposals
eliminated. Appendix E lists undesirable characteristics of each of these
proposals.

3



Cessna CH-4

Gyrodyne 66

Kaiser KD-161

Kaman K -130

McDonnell 158A

Republic RH-60

Hiller 1099

Hiller 1101

Kaman 130A

(2) The two best alternates (Bell and Sikorsky) were
retained because technical input from the Navy was not available to
substantiate that the primary proposals still being considered pres-
ented realistic weight and performance data or that the sole selection
of the T-63 engine was a reasonable and acceptable risk.

(3) Desirable and undesirable characteristics of each
remaining proposal are listed by Appendix F.

(4) Specific recommendations as to characteristics
that should be included in the detail specifications of any selected
winner are contained in Appendix G. Recommendations are essentially
for the purpose of clarifying and amplifying the Type Specifications.

c. Analysis Following Coordination With the Navy.

(1) Coordination with the Navy Technical Evaluation
Group indicated that both the Navy and Army groups were in agree-
ment as to proposals that could be eliminated from further considera-

tion. However, disagreement was apparent as to the final selection in
that the Navy Technical Evaluation Group proposed to recommend only
one winner whereas the Army Operational Evaluation Group considered

that at least two winners were required to fulfill the approved recoin-
mendations of the Rogers Board. Based on the above, a unilateral

4
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de:ision was made to recommend acceptable winners in order o :
so that a decision could be made by th. General and Flag Officers .

(2) Based on coordination with the Navy group and a re-

examination of remaining proposals, the following decisions were made.

(a) Alternates were eliminated from further considera-

tion. This was primarily due to the excessive cost and weight indicated

for alternates and the absence of significantly improved performance

resulting from use of an engine other than the T.63. The only apparent
significant gain from use of an engine other than the T-63 was in the area
of reliability when using a derated engine. Otherwise, alternates, by
the manufacturers' figures, were generally critical on meeting endurance
or hot day performance requirements or both while utilizing approximately
50% more fuel.

(b) The Hughes 369 proposal w;.s eliminated from further

consideration for the following reasons:

1. The Navy group supported the Army group's find-

ings that the performance predicted was comparatively optimistic and did
not allow for contingencies.

2. The autorotational characteristics were considered

to be borderline. This condition would be further aggravated if this pro..

posal were increased in weight by the amount predicted by the Navy, and

would be unacceptable.

3. The avionics installation was considered to be

unacceptable due to poor accessibility and the mounting of components in
an upside down position (satisfactory operation in this position has not

been proven.)

(c) The Lockheed CL-418 was eliminated from further
consideration for the following reasons:

1. The proposed rigid rotor system has not been

proven.

2. The proposed two-door configuration severely
limits access to the cargo/passenger compartment and is not considered
acceptable from a tactical viewpoint.

-1



(3) An order of desirability of the remaining proposals was

e.tiblhshed as follows:

(a) Bell D-.Z50

(b) .Hiller 1100

-(C) .oeing-Vertol 131

(d) Sikorsky (Primary)

(4) -Appendix H is A comparison of the above proposals,

.5. -DISCUSSION.

A. rhoice of.Engines.

'(1) .Prior to the finalization of the Type Specifications, some

doubt was expressed as to the capability of the T-63 engine to meet the
requirements of the LOH. For this reason, alternate engines were listed
by the Type Specification. An analysis of the proposals indicates the
following disadvantages when using an engine other than the T-63.

(a) The design gross weight will be increased by approxi..
mately 500 pounds with a resultant increase in cost.

'(b) -The fuel load will be increased from approximately
400-500 pounds to approximately 600-700 pounds indicatig an approximate
50% increase in fuel usage and a resulting increased fuel logistical problem.

(c) 8ven with the increased power, these proposals were
generally critical on Army hot day hover performance or endurance or
both.

(Z) In addition to the above, use of an alternate engine or
selection of one proposal using a T-63 engine and another proposal using
some other engine would probably result in Army funding of programs fUr
two different engines.

(3) All acceptable proposals using the T-63 engine do not
meet the performance requirements of the Type Specification. The Navy
Evaluation Group indicates that none of these proposals can meet all
performance requirements. It is considered that these requiremcnts

6
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are goals to be strived for if attainable and that the failure to meet such

goal does not constitute an unacceptable condition.

(4) The sole selection of one engine for the LOH is a risk

such as the Army has taken on the HU-I( ) helicopter and the AO-I( )

airplane. The army evaluation group considers that the risk is reasonable

and that although no known growth is now planned for the T-63, some

growth of the LOH could be obtained by growth of the T-63.

(5) It is considered that use of an engine other than the T-63

would merely permit the vendors to avoid a part of the engineering effort

necessary to achieve the best possible weight and performance with a

T-63 engine and increase the Armys cost. Since cost and weight are

first priority items, the use of an engine other than the T-63 is considered

unacceptable.

b. Selection of One Proposal vs. Two or More.

(1) The Rogers Board's approved recommendation was to

select at least two proposals and develop these through user testing prior

to selection of a final winner. This position should not require rejusti-

fying; however, there are strong indications that the Navy and certain
Army agencies will recommend selection of only one winner with an

immediate cornmitment to production. Reasons justifying this position
include:

(a) Reduced cost by reduction of one protytype program,

thus allowing full effort on only one program.

(h) An early commitment to production would provide

operational aircraft in the field at an earlier date.

(2) The Army Operational Evaluation Group considers that

the recommendation to develop at least two proposals through user test

prior to selection of a single winner should be fulfilled. Reasons follow:

(a) The direct cost to the airframe manufacturer for
developing at least one additional LOH is a very small percentage of

the planned program. (This is estimated to be a direct cost of 4-7

million dollars for at least one additional prototype development in an

estimated 250 million dollar overall program.)

7
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(b) One of the inputs to the Rogers Board wah , 1

analysis of the Army's invyemtory of light observation aircraft a:,1 I:.c

predicted LOH requirement. This Input indicated that a program .,
p-roduced production LOH's by 1965 would meet the needs of thle A.ni:,.

I tis difficult to believe that this requirement has changed significica-.,in the last year.\,

(p) The LOH is programmed into the Army in large
3~mbe~rs (larger by far than any otner Army aircraft). For this reason
alone, all possible effort must be made to produce the best possible a;,-
cralt within the parameters desired by the Army. It is considered that
c.ontinued .competition by at least two reputable manufacturers until

.Army juser testing can be accomplished is a primary method of obtaining
the jpest poss-ible helicopter.

:(d) Previous Army experience indicates that when an
Airgyaft is committed to production at an early stage in its development,
zair.craft -reach field units sooner. However, these aircraft are habit-
:ually deficient in correctable areas. Corrections when made are much
:no.r.e expensive than if incorporated in production and normally have to
-be justified on-an individual basis. -TheAO-I( ) "MOHAWK" program
=isza-prime example of the results of a choice of one proposal and early
,c.mrnitment to production. User testing of the AO-I( ) was accomplished
cpn.:production aircraft and discrepancies exist on this aircraft that make
:it.unsuitable for-Army use in its present configuration. This Army air-
-plane -was developed under the auspices of the Navy.

-c. Additional Requirements. The Army Operational Evaluation
CGr.Qup-attenpted to evaluate all proposals on requirements as expressed
-.by.the Military Characteristics and the Type Specifications. There was
cobvious variation in opinion as to the validity of all requirements expressed
eand the lack-of certain requirements. However, it was the consensus of
.the..Army group that three.requirements exist for the LOH that are

:not.included in the Type Specifications or Military Characteristics and
%which.,wer.e previously considered by the Rogers Board. .These require-
:ments arejlisted-and discussed in Appendix I.

zd. --Proposal Validity.

(1) .If.the Hughes 369 proposal could meet its predicted
Tperformance figures and weights, this proposal would be cutstanding. In
z-an ove ra~levaluation, using only the manufacturer's data, this proposal

8
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was an unquestionable first choice from a tactical and operational s
bility -viewpoint. The Hughes 369 proposal was placed second by the
Forward Area Maintenance and the Performance/Components Commit-
tees. These placements were made notwithstanding the following:

(a) The autorotational characteristic was the poorest
of all proposals. 1

|
(b) The avionics installation was unsatisfactory.

(c) The predicted performance was optimistic and didI not allow for contingencies.

(2) Outstanding and highly desirable features of the Hughes
369 included:

(a) Outstanding with respect to size, weight, and speed.

(b) The small (25') rotor diameter is highly desirable
from a tactical viewpoint.

(3) Coordination with the Technical Evaluation Group
verified the Operational Analysis Group's findings that performance and
weight were considerably.optimistic. This then negates the outstanding
choice with respect to size, weight, and speed and results in an un-
acceptable autorotational characteristic.. For these reasons and the
unsatisfactory avionics proposal, the Hughes 369 proposal was elim-
inated from acceptable proposals.

*6. CONCLUSIONS.

a. A proposal using the T-63 engine will more nearly meet
the Army's requirements than will a proposal using any of the alternate
engine, s.

b. The following proposals, listed in order of merit (or
desirability), are acceptable.

(1) Bell D-Z50

(2) Hiller 1100

9
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(3) Boeing-Vertol 131

(4) Sikorsky (Primary)

c. Based on the manufacturer's predicted weight and perform-
ance data, and ignoring the Navy's and Army's technical evaluation, the
Hughes 369, is the most outstanding proposal.

d. Where technically and economically feasible, items listed
in Appendix G should be incorporated in the detail specifications of any
selected winner(s).

e. Additional requirements, not now specified, exist for the
LOH.

f. Development of at least two proposals through user testing
prior to selection of a single winner will produce a better LOH.

7. RECOMMENDATIONS.

a. At least two of the following proposals be developed

through user testing prior to selection of a single winner. Proposals
are listed in order of merit:

(1) Bell D-250

(2) Hiller 1100

(3) Boeing:-Vertol 131

(4) Sikorsky (Primary)

b. Items listed in Appendix G be incorporated, where
techhically and economically feasible, in the detail specification of
any selected winner(s).

c. The three requirements listed in Appendix I be recon-

sidered for inclusion on the LOH.

8. REFERENCES.

a. Army Aviation Development Plan, 1960-1970, OCRD, DA,
1 December 1959.
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b. ASR 1-60, 1 December 1959, title: "New Light Observation

Aircraft Parametric Study, 1965-1970 Tirme Period."

c. Report of the Army Aircraft Requirements Review Board to

the Chief of Staff, US Army, 10 March 1960.

d. Military Characteristics - Light Observation Aircraft, TCTC

Item 3408.

e. Type Specification, TS 153, for Light Observation Helicopter

(Army), Department of the Navy, BuWeps, 10 October 1960, as amended.
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d. When technically and economically feasible, iten-is listed
A ppendix G should be incorporated in the detail specifications of any
selected winner(s).
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f. Development 6f at I" st tw o PfPol p1 a roghuder testing
px ior- to selection of a single wvifinei V~ill rodic6 beiter LOH.
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a. At least two of the f61loii ro 6 al§ f) v'elpd through
bisor~ testing prior to selection 6f a gin'gle winnier. Proposa.,s are listed
ii, Qrder of merit:

(1) Bell D-250
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and- economically feasible; in the detail s'pecifi6atio n* of ay selected
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